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Overview
Introduction ConclusionModeling

- Occurrence of bird strikes per year

- Increased maintenance cycle of conventional WPG

- Limited installation site of conventional WPG

Problems of Conventional Wind 
Power Generators (WPG)1)

- High maintenance cost

- Low resident acceptance of WPG

Issue

Result
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Figure 1 conventional wind power generator



Introduction Conclusion

The Bladeless wind generator(BWG) is more efficient than a conventional wind power generator 

Noise Emissions

5 | 100 (%)

Mechanical Maintenance Cost

5 | 100 (%)

Manufacturing Workload

40 | 100 (%)

Life Span

100 | 100 (%)

LCoE(Levelized Cost of Energy)

70 | 100 (%)

Distance Between Generators

10 | 100 (%)

Overview
Modeling
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Ref. 2)
Figure 3 conventional wind power generatorFigure 2 Bladeless wind generator



Bladeless Wind Generator (BWG)
Introduction Modeling Conclusion

renewable energy system using vortex generated by wind

consisting of a simple structure (rod with CFRP and mast with glass fiber)
BWG is
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Figure 4 Bladeless wind generator Figure 6 Vortex shedding Figure 5 Bladeless wind generator 



Optimal Design Procedures
Introduction ConclusionModeling
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Simplified model

Reference model

Initial model

Modeling

Optimal design
variable of BWG

Conclusion

Suggestion of
optimal BWG design

FE-modeling

Analysis

Stress analysis

Analytical
aerodynamic force

Design of
Experiments (DoE)

Sensitivity analysis
Surrogate modeling

Multi-objective 
optimization

Optimization

Comparison of
optimization Algorithm
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Initial model

Reference model 3)4) Simplified model
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Variable Description Value
Lr Rod length 1.0000m

Lm Mast length 4.0000m
Dr Rod diameter 0.0200m
Dm Mast Diameter 0.6000m

tr Rod thickness 0.0020m

tm Mast thickness 0.0020m
k Spring stiffness 100.0N/m
V Velocity 2.000m/s
Er Rod young’s modulus (CFRP) 14.50GPa

Em Mast young’s modulus (GFRP) 72.00GPa

ρr Rod mass density (CFRP) 19,000kg/m3

ρm Mast mass density (GFRP) 2,575kg/m3

S Strouhal number 0.2100
Cd Drag coefficient 1.0000

Introduction Analysis & Optimization Conclusion
Initial model

Modeling
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x

Aerodynamic force

Lr	,	mr

Lm ,	mm

Free body diagram

Modeling

k

Role of power generator
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Aerodynamic force
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Analytical aerodynamic force4)

Modeling
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Velocity (m/s)
Drag coefficient
Mast diameter (m)
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FE-modeling

Modeling

E (GPa) n (Poisson's ratio) k (N/m)

CFRP 14.5 0.3 -

SPRING - - 100

Material properties of rod

x

F
M

Fspring

CBAR element

Spring

Finite element model
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Boundary condition

Modeling

UX Fix
UY Fix
UZ Fix
RX Fix
RY Fix
RZ Fix

Constraints
Applied load profile ( Y-dir.)
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Result of bending stress analysis

Analysis type - Non-linear static

Result type
Element stresses (1D) - CBAR/CBEAM Long. Stress SAC or SAE
DISPLACEMENT (V)   - Y – dir.

Y – dir. deflection (mm) Bending Stress (MPa)
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Energy = Force Distance´

 (N) (m) (Joul)energy aerodynamic forcef f fd= ´

Introduction Conclusion
Optimization

Modeling

Energy
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Air density (Kg/m3)
Velocity (m/s)
Drag coefficient
Mast diameter (m)
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Total weight of BWG

Weight of Mast or Rod
Volume of Mast or Rod
density of Mast or Rod
Area of Mast or Rod
Length of Mast or Rod
Diameter of Mast or Rod
thickness of Mast or Rod

fm,r :
Vm,r :
rm,r :
Am,r :
Lm,r :
Dm,r :

tm,r :
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Resonance condition

Velocity (m/s)
Strouhal number
Mast diameter (m)
Mast Young’s modulus (GPa)
Inertial moment of mast (m4)
Mast length (m)
3.52 (constant) 3)

Mast density (kg/m3)
Mast area (m2)

V :
S :

Dm :
Em :
Im :
Lm :

(b1Lm)2 :
rm :
Am :

2
1 4
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Label Name Low Bound Nominal (Initial) Upper Bound Unit

Rod Length Lr 0.500 1.000 1.500 m

Mast Length Lm 3.000 4.000 5.000 m

Rod Diameter Dr 0.020 0.020 0.040 m

Mast Diameter Dm 0.400 0.600 0.600 m

Rod thickness tr 0.001 0.002 0.003 m

Mast thickness tm 0.001 0.002 0.003 m

Spring stiffness k 100.0 100.0 300.0 N/m

Label Name Constant Unit

Velocity V 2.0000 m/s

Young’s modulus of the rod Er 14.500 GPa

Young’s modulus of the mast Em 72.000 GPa

Mass density of the rod ρr 19,000 Kg/m3

Mass density of the mast ρm 2,575 Kg/m3

Strouhal number S 0.2100 dimensionless

Drag coefficient Cd 1.0000 dimensionless

Table 1 Design Variables

Table 2 Problem Parameters

Modeling
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Run# Lr Lm Dr Dm tr tm k Resonance frequency Mass Bending stress Energy

1 0.5 3 0.02 0.4 0.001 0.001 100 4.410 15.350 -9.640 0.038

2 0.5 3 0.02 0.6 0.003 0.003 300 1.960 58.690 -6.330 0.274

3 0.5 5 0.04 0.4 0.001 0.003 300 15.89 59.810 -3.970 0.287

4 0.5 5 0.04 0.6 0.003 0.001 100 7.020 57.360 -2.390 0.034

5 1.5 3 0.04 0.4 0.003 0.001 300 4.410 109.07 -2.030 0.192

6 1.5 3 0.04 0.6 0.001 0.003 100 1.960 78.380 -10.75 0.246

7 1.5 5 0.02 0.4 0.003 0.003 100 15.89 93.840 -10.43 0.526

8 1.5 5 0.02 0.6 0.001 0.001 300 7.019 41.240 -74.30 5.718

Design of Experiments (DoE) – Taguchi (L827)
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Design Variables

Analysis of Variation
Resonance frequency mass stress energy
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Analysis of linear effects – Bending stress & Energy

Lm Dr Dm tr tm kLr
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The level of design variables
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Analysis of linear effects - Resonance frequency & Mass

Lm Dr Dm tr tm kLr
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Design of Experiments (DoE) – Box Behnken (37)

ModifiedBox Behnken

Removed outlier
and duplicated sample point
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Surrogate model - second-order polynomial function

2
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Bending Stress (R2=0.986) Deflection (R2=0.9746)
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Pareto chart
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Opt. 3Opt. 2

Opt. 1
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Initial

Pareto chart (MOGA* vs GRSM**)

*Multi-Objective Genetic Algorithm
**Global Response Surface Method
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HyperStudy – Optimization (Global Response Search Method)
Optimal Design Variables
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Lr (m) Lm (m) Dr (m) Dm (m) tr (m) tm (m) k (N/m)

Initial 1.000 4.000 0.02 0.6000 0.002 0.002 100.000

Opt. 1 0.500 3.000 0.02 0.5997 0.001 0.001 103.986

Opt. 2 1.393 3.000 0.021164 0.5994 0.001 0.001 299.785

Opt. 3 1.499 3.000 0.021244 0.5994 0.002 0.001 132.243

Objective function Constraint function

Mass (kg) Energy (J) Bending stress (MPa) resonance 1 resonance 2

Initial 60.2 0.45 -3.02489 1.012445 -0.01848

Opt. 1 20.2 0.12 -0.06463 -0.00336 -0.99327

Opt. 2 43.6 0.47 -0.00045 -0.01835 -0.963293

Opt. 3 49.2 0.50 -0.00444 -0.01893 -0.96254
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Conclusion

Modeling

60.2kg 49.2kg 0.45J 0.50J

Mass : decreased by 18.3% Energy : increased by 10%

Satisfaction of all constraint functions
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